Background: This study was designed to determine the most important early CT parameters predictive of acute pancreatitis severity. Methods: Three hundred and seventy-one consecutive patients with acute abdominal pain and hyperamylasemia were enrolled. Three hundred and ten of the 371 patients met our inclusion criteria. Acute pancreatitis severity was evaluated using the 1992 Atlanta criteria. Different CT parameters were reported from the admission abdominal CT by two radiologists blinded from any clinical parameter, but the patientsÕ age and gender. These variables were fitted in a binary logistic regression model. Results: Acute pancreatitis was mild in 80% cases, severe in 20% cases and lethal in 12.69% cases. The following CT parameters were significantly associated with the severity of acute pancreatitis: the objective size of the pancreas (P = 0.001), the peripancreatic fat abnormalities (P = 0.001) and the extent of necrosis (P = 0.007). Moreover, the age of the patient revealed itself a highly significant (P = 0.001) indicator of disease severity. The association of the four CT criteria eventually showed a sensitivity of 73% and a specificity of 81% to predict acute pancreatitis severity. Conclusion: Although these criteria correlated with disease severity, our study identified that morphological CT criteria cannot be used to triage patients with severe and mild acute pancreatitis.
Acute pancreatitis remains a disease of unpredictable outcome, often fatal. The mortality ranges between 10% and 15%, but can reach up to 95% in a subpopulation of severe acute pancreatitis. Its mortality has remained unchanged for the last two decades in spite of progress in understanding the underlying pathological mechanisms. The increasing incidence of acute pancreatitis varying between 5 and 80/1,000,000 inhabitants [1, 2] has pushed both academicians and practitioners to understand its natural course. According to criteria defined by an International consensus meeting in Atlanta in 1992 [3] , 20% of acute pancreatitis is considered severe ( Table 1 ). The Atlanta system is a clinically based classification that attempted to create an international basis of definitions on acute pancreatitis. It was by no means established to predict the severity of acute pancreatitis. Indeed predicting the severity of acute pancreatitis remains a cornerstone, as no simple and effective diagnostic tool is available yet. None of the present criteria allows to predict the severity of acute pancreatitis with sufficient accuracy (clinical Ranson, Acute Physiology and Chronic Health Evaluation-APACHE II, modified Glasgow and Balthazar radiological scores) [4] [5] [6] . In addition, no specific management and therapeutical approach have emerged. Acute pancreatitis, a complex and relatively frequent disease, remains a poorly defined clinical identity with various clinical presentations and outcomes. Using the Atlanta severity criteria as a gold standard, the aims of our study were:
1. To identify significant demographic and CT criteria that correlate with disease severity in our patient population. 2. To establish an algorithm which best predicts severity of acute pancreatitis using significant criteria of our analysis. 3. To assess the sensitivity and specificity of the established BalthazarÕs CT severity index (CTSI) [7] , to differentiate severe from mild acute pancreatitis, in our study population.
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Materials and methods

Patients
We performed a prospective study in which all patients with a suspicion of acute pancreatitis underwent an early CT within 48 h of admission. We also evaluated the Balthazar radiological score on our study population. This score is based on the combined assessment of pancreatic abnormalities and the degree of pancreatic necrosis. The current study was held from 20/11/1995 through 31/12/2000 in a University Hospital. Inclusion criteria were patients presenting acute abdominal pain and hyperamylasemia (>235 UI/L and from 30/11/ 1999 > 128 UI/L due to a change in the method of dosage) at the Emergency Care Unit. Patients who had been transferred from another hospital, patients readmitted or previously enrolled in the study, patients with chronic pancreatitis and other diagnoses than acute pancreatitis at discharge were excluded. Five hundred and seventy-nine patients met our inclusion criteria. The protocol was approved by the institutional review boards of our hospital.
Study protocol
The protocol initiated upon admission consisted of a prospective collection of historical, clinical, laboratory and radiological data. These data allowed to define retrospectively the severity of the acute pancreatitis according to the 1992 Atlanta criteria (Table 1) , excluding the early CT data, subject of this study. Among the 579 patients likely to enter this study, 371 accepted study participation. Three hundred and ten of them underwent contrast-enhanced CT examination within 48 h of admission and were therefore considered as the study population. Sixty-one patients were excluded due to delayed CT (n = 18), CT not found in the records (n = 18), CT not completed (n = 14), absent iodinated iv contrast injection (n = 9), pancreas not analysed (n = 1), partial remaining pancreas due to pancreaticoduodenectomy (n = 1). Abdominal CT consisted in a series of unenhanced images, followed by an intravenous injection of 120 mL of contrast material containing 240 mL of iodine per mL at a rate of 3 mL/s. A first spiral with a slice thickness of 5 mm began 25 s after injection of contrast material for the arterial phase imaging and at 60 s for the portal phase imaging. CT examinations were performed using a single-slice helical CT (PQ 5000, Marconi Medical System or CT/I Hi Speed, General Electric Medical System). CT predictors derived from the Balthazar radiological score or deemed to be potentially relevant as to assess the severity of acute pancreatitis were collected ( Table 2 ). The objective pancreatic size was defined by the sum of the maximal anterior-posterior dimension in mm at the head, body and tail of the pancreas (Fig. 1 ). In addition, the extent of necrosis was defined by the non-enhancement involving less than 30%, 30%, 50% or more than 75% of the gland. All CTs were interpreted by two radiologists unaware of the disease outcome and therefore, of the severity of the acute pancreatitis, except for the patientÕs age and sex.
Data analysis
Patients were classified into mild and severe acute pancreatitis according to the 1992 Atlanta criteria (Table 1 ) [3] .
Statistical analysis
Fourteen key variables collected among the 310 observations (patients) were analysed. The outcome corresponded to the binary response variable (severe vs. mild) to assess acute pancreatitis severity. The 13 potential predictor variables (11 of them were categorical variables and two were continuous variables) were analysed with regression analysis for the question of disease severity. Significant criteria were then combined in an optimal algorithm that allowed the best correlation with acute pancreatitis severity in our patient population. Various number of points were attributed according to age, objective pancreatic size correlated to the importance of peripancreatic fat abnormalities (with an increasing number of points for increased pancreatic size based on the degree of peripancreatic fat abnormality), presence of necrosis and its extent. The severity of acute pancreatitis was scored on a logarithmic scale from 0.1 to 0.99, derived form the total amount of points obtained. Sensitivity, specificity, accuracy, positive predictive value and negative predictive value were calculated at different cutoffs used to define mild from severe acute pancreatitis (Table 3) . For all comparisons, the variables were considered at the conventional 5% significance level. Moreover, the validation and calibration of the final model used a bootstrap technique which showed that there was no significant overfitting and that the fitted model was accurate.
We also assessed BalthazarÕs CTSI score in our patient population.
Results
There were 42% (130/310) women and 58% (180/310) men, aged 18-93 years, with a mean age of 55.6 years. The aetiology of acute pancreatitis was biliary tract related in 48.7% (151/310), alcohol related in 31.6% (98/ 310) and miscellaneous in 19.7% (61/310) of patients. According to the 1992 Atlanta criteria, 80% (247/310) of the patients suffered from mild acute pancreatitis and 20% (63/310) from a severe one. The mortality was 12.7% (8/310), none of them in the mild group. Non-significant CT predictors were the subjective enlargement of the gland, the number and the extent of fluid collections, the anatomical site of necrosis, free fluid and venous thrombosis. Significant CT predictors were the objective size of the pancreas (P = 0.001), abnormalities of the peripancreatitic fat (P = 0.001), the relationship between size and peripancreatic fat abnormalities (P = 0.017) and the extent of necrosis (P = 0.007). The severity of acute pancreatitis correlated to the increasing objective pancreatic size and peripancreatic fat abnormalities. In patients with normal peripancreatic fat, the objective pancreatic size correlated inversely to the severity. In patients with abnormal peripancreatic fat, the objective peripancreatic size correlated positively with severity. Moreover, the age of the patient was a highly significant (P = 0.001) indicator of disease severity. Severity of acute pancreatitis scored on a logarithmic scale from 0.1 to 0.99 based on our study population: 0.22 being the optimal cutoff
The significant criteria (age, objective pancreatic size according to peripancreatic fat abnormalities and presence of necrosis and its extent) were then combined in the best achievable algorithm. The sensitivity, specificity, accuracy, positive predictive value and negative predictive value obtained from our 48 h CT scoring system were then calculated at different cutoffs used to define mild from severe acute pancreatitis and reported in Table 3. The optimal cutoff point of 0.22 between sensitivity and specificity, 73% and 81%, respectively, is seen on a ROC curve (Fig. 2) .
To allow a comparison between our 48 h CT score and the CTSI severity index, mild and severe acute pancreatitis were defined at different cutoff points for the CTSI severity index (0-3/0-6 for mild acute pancreatitis, 4-10/7-10 for severe acute pancreatitis). This led to an optimal cutoff point between sensitivity and specificity at a threshold of 0-3/4-10 ( Table 4) .
Discussion
The results of our investigation indicate that four predictors correlate with disease severity of acute pancreatitis. These parameters include the patientÕs age, the objective size of the pancreas, peripancreatic fat abnormalities and pancreatic necrosis.
Our study confirmed prior results that age proved relevant to determine the severity of acute pancreatitis [8] [9] [10] [11] [12] .
The objective but not the subjective size of the pancreas measured at CT correlated with a severe outcome in this study. In 1991, London et al. [13] found that a pancreatic index greater than 10 cm 2 had a 83% sensitivity and 65% specificity to predict a severe outcome in acute pancreatitis. The pancreatic size index was calculated by multiplying the maximum antero-posterior measurement of the head by the maximum antero-posterior measurement of the pancreatic body in cm 2 . Pancreatic enlargement is part of the CTSI score but is left to subjective assessment. The CTSI score combines pancreatic inflammation (including subjective enlargement of the pancreas) and pancreatic necrosis. Further studies are necessary to establish normal values of pancreatic size according to age.
Interestingly our study showed that the disease severity due to objective pancreatic enlargement rose with increasing peripancreatic fat abnormalities. This relationship may demonstrate a positive correlation between pancreatic oedema and peripancreatic fat inflammatory reaction possibly due to enzyme leakage.
Our study confirmed the importance of pancreatic necrosis in determining disease severity as previously reported [4, [13] [14] [15] [16] [17] [18] . Indeed, the risks of acute pancreatitis are most of all infectious complications that are directly linked to the presence of necrosis, a favourable environment to the development of bacteria [3, 7, [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] . The overall risk of infection does not exceed 10%, but in case of necrosis, it reaches 70%.
Currently, CT is the only reliable non-invasive technique to diagnose necrosis. Our study substantiates the previously reported observations that the extent of necrosis, defined as the percentage of unenhanced pancreatic tissue, is an essential predictor of severity. Indeed, the diagnosis of an acute necrotizing pancreatitis could lead to prophylactic antibiotic treatment.
However, the absence of necrosis is not reliable enough to exclude severity. Balthazar demonstrated in 2002, a correlation between the CT severity index, mortality and local and/or systemic complications [23] . The CTSI severity index seems appropriate in the management of patient with low (0-2) to high (7-10) scores. Indeed no mortality was reported in low CTSI scores whereas a 17% mortality was associated with high scores. However, the usefulness appears questionable for clinical management of patients with an intermediate score (3) (4) (5) (6) that is associated with a 6% mortality rate. Indeed in our patient population, even with an optimized cutoff point, the sensitivity does not exceed 80% with a specificity of 55% (Table 4) . Applying our algorithm, that has been optimized and designed in our patient population, we do hardly better with a 95% sensitivity, 59% specificity and a 37% positive predictive value. This means that 63% of patients with a predicted severe disease will undergo unnecessary increased surveillance. These results would probably be worse if applied prospectively in an independent study population. The current data suggest that CT morphological criteria are of limited value to help clinicians to predict severity of acute pancreatitis. We believe that further studies should aim to determine the role of functional imaging (i.e., perfusion CT) to predict severity and outcome of acute pancreatitis.
Conclusion
Although objective pancreatic size, peripancreatic fat abnormalities and necrosis correlated with disease severity, our study identified that morphological CT criteria cannot be used to triage patients with severe and mild acute pancreatitis. 
